Precision spectroscopy of molecular ions has applications in astrochemistry, quantum state controlled chemical reactions, and measurements of fundamental constants. While spectroscopy of molecular ions is challenging, we present techniques to study molecular ions co-trapped with laser-cooled atomic ions in ion traps. We recently demonstrated the measurement of the ν = 10 ← ν = 0 and ν = 9 ← ν = 0 overtone transitions in CaH +a . using resonant two photon dissociation. This technique is extended to the 2 1 Σ ← 1 1 Σ electronic transition, which should be rotationally resolvable. This resolution will allow further investigation into the internal state control of CaH + by techniques such as optical pumping, cryogenic cooling, and buffer gas cooling. a N. B. Khanyile, et. al. Nat. Commun. 6 7825 (2015).
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